Background and Purpose-Anticoagulants and antiplatelet agents are underutilized in the nursing home setting, perhaps because trials demonstrating treatment efficacy excluded people resembling those with long-term care needs. We sought to quantify the effect of antiplatelet and anticoagulant agents on risk of hospitalization for bleeding among an elderly nursing home population. Methods-We used a case-control design and identified first hospitalizations for bleeds using Medicare claims data from 1992 to 1997 as potential cases. Cases had at least one minimum data set (MDS) assessment within the 6 months before that hospitalization and a diagnosis of stroke. We identified up to 5 controls residing in the same facility during the same year and quarter as the case with a diagnosis of stroke. Our sample consisted of 3433 cases and 13 506 controls. Using the MDS, we identified standing orders for aspirin, dipyridamole, ticlopidine, or warfarin and used conditional logistic regression modeling to estimate the effect of these agents on risk of hospitalization for a bleed. Results-After adjustment, use of warfarin (odds ratio [OR], 1.26; 95% CI, 1.11 to 1.43) and combination therapy (OR, 1.34; 95% CI, 0.99 to 1.82) were associated with an increased risk of hospitalization for a bleed compared with nonusers. The odds of aspirin use was greater among cases than controls (OR, 1.07; 95% CI, 0.96 to 1.18) after adjustment. Conclusions-Although present, the risk associated with use of these agents is small. The numbers needed to treat to harm 1 resident with aspirin and warfarin were 467 and 126, respectively.
S
troke is the third leading cause of death among Americans. 1 Six hundred thousand persons suffer a stroke each year, of whom 450 000 survive. 2 The prevalence of stroke increases with advancing age 3, 4 and often requires nursing home placement in the 5-year poststroke period. 5 Randomized controlled trials and meta-analyses have demonstrated the efficacy of both anticoagulants 6 and antiplatelet agents [7] [8] [9] [10] in preventing instances of subsequent stroke. Despite this evidence, these drugs are underutilized in nursing homes. 11 Underuse of these agents may occur because this population differs markedly from participants included in clinical trials in that nursing home residents often have multiple comorbid conditions, cognitive and physical impairment, and polypharmacy. 12 Using the data contained in the Systematic Assessment of Geriatric Drug Use Via Epidemiology (SAGE) database from 1992 to 1997, we quantified the effect of antiplatelet and anticoagulant agents on the increased risk of hospitalization for bleeding among elderly nursing home stroke survivors.
Methods
We used a case-control study design with data derived from the SAGE database. 13, 14 In 1987 Congress mandated that all US Medicare/ Medicaid-certified nursing facilities perform uniform, comprehensive assessments of all residents as a means to improve care planning. To achieve this goal, the Health Care Financing Administration (HCFA) developed a standardized tool, the Resident Assessment Instrument (RAI), which includes the minimum data set (MDS), a care assessment component, and a drug inventory component. 15 
Case Identification
We identified cases by inpatient hospitalizations in which the primary diagnosis was for selected bleeds occurring between January 1, 1992, and June 30, 1998 using International Classification of Diseases, Ninth Revision codes detailed in Table 1 . We identified 135 631 hospitalizations for bleeding events among nursing home residents, using the first bleeding hospitalization to define case status among persons with multiple hospitalizations. Since the MDS provided exposure history, we identified residents with at least 1 assessment in the 6 months preceding their hospitalization in which drug data were collected with an MDS diagnosis of stroke (nϭ14 495). For residents with Ͼ1 qualifying MDS assessment in the 6 months before their hospitalization, we used the most proximal.
Control Identification
We identified residents who successfully cross-linked to the HCFA Health Insurance Skeleton Eligibility Write-off file as potential controls. We matched persons without incident hospitalizations for bleeding events residing within the same facility during the same year and quarter to potential cases such that every case could be matched to a maximum of 5 controls, since hospitalization rates may vary by facility-level factors present in the nursing home. 16 We required that potential controls also have a diagnosis of stroke and medication use documented on an MDS assessment within the previous 6 months. In instances in which the potential number of controls residing in the same facility exceeded the number of cases, we randomly selected 5 controls for each case. We did not include cases for whom we could not identify at least 1 eligible control (nϭ72). Our final matched sample consisted of 3433 cases and 13 506 controls.
Exposure Classification
Trained nursing home staff recorded the name, frequency, and route of administration, whether the order was scheduled or pro re nata (prn), and the National Drug Code (NDC) for up to 18 drugs actually taken by the resident in the previous 7 days. 15 We linked the NDC codes to the Master Drug Data Base, 17 allowing subclassification into individual drug agents. We classified agents commonly used for the secondary prevention of stroke, although no information was available as to the actual indication for these agents. Among these were standing orders for antiplatelets (aspirin, dipyridamole, or ticlopidine) and anticoagulants (warfarin). With the exception of persons taking aspirin and dipyridamole in combination, we considered users of multiple agents in a separate category. Clopidogrel was not available during the time period from which we obtained exposure information (1992) (1993) (1994) (1995) (1996) (1997) . To evaluate a potential doseresponse effect associated with aspirin use, we calculated a daily dose for aspirin for Ͼ80% of users based on the dose and frequency of administration.
Analytic Approach
We compared characteristics of cases and controls that might potentially confound the observed association between use of secondary stroke prevention agents and likelihood of hospitalization for a bleed. We hypothesized a priori that the decision to treat, hospitalize, and detect adverse events among elderly stroke survivors may be influenced by both the physical and mental sequelae of ischemic stroke. We examined these domains using 2 previously validated summary scales, the Activities of Daily Living (ADL) scale 18 and the Cognitive Performance Scale (CPS). 19, 20 The ADL scale is a 5-item, 6-level scale based on dependency (dressing, eating, toileting, bathing, locomotion, transferring, and incontinence). We defined limitations as mild (0 to 1 activities impaired), moderate (2 to 3 activities impaired), or severe (4 to 5 activities impaired). The CPS is a summary scale of cognitive impairment. 21 We categorized the CPS score as mild (0 to 1), moderate (2 to 3), or severe (4 to 6) impairment. These categories correspond to the Mini-Mental State Examination values of 23 to 24, 12 to 17, and 1 to 6, respectively. 20, 22 We also considered age, 23 alcohol, 24 and tobacco use, 25 use of nonsteroidal anti-inflammatory drugs (NSAIDs), 26, 27 use of corticosteroids, 28 and use of selective serotonin reuptake inhibitors. 29 We considered concurrent antibiotic use, formerly demonstrated to increase the risk of bleeding in persons concomitantly taking warfarin. 30 We used conditional logistic regression models to quantify the effect of drug agents on likelihood of hospitalization for bleeding. We constructed these models with hospitalization for a bleed as the outcome variable (ie, case or control status) and derived odds ratios (ORs) and 95% CIs from these models. We also performed subgroup analyses evaluating the effect of these agents on specific bleed etiologies. Finally, we calculated the number needed to treat for harm using methods proposed by Bjerre and LeLorier 31 for case-control study designs. Calculation of such a measure requires estimation of the incidence rate of outcome among the unexposed population. Because we were unable to directly estimate this rate from our sample, we estimated the rate from the study base of newly admitted stroke survivors from which our sample arose. These background rates were 30.6 for any serious bleed (95% CI, 28.2 to 32. 
Results
The results of analyses examining distributions of demographic and clinical characteristics of the sample at the index MDS assessment are presented in Table 2 , stratified by case or control status. Overall, our sample was predominantly female (68.8%) and of white, non-Hispanic descent (80.8%). The percentage of women was slightly higher in the control group than in cases (69.8% versus 64.7%). The largest age group represented in our sample consisted of persons aged Ͼ75 years, such that 40.2% of the sample were between the ages of 75 and 84 years and 41.6% were Ͼ85 years, comparably distributed across cases and controls. Both physical and cognitive impairments were common, with Ͼ58% of the sample demonstrating severe physical impairments and Ͼ33% demonstrating severe cognitive impairment. Severe physical impairment was slightly more common in cases than in controls. Concurrent use of NSAIDS, antibiotics, and gastrointestinal (GI) protectants were all more prevalent in cases than in controls (Table 2) .
Included in Table 3 are the estimates of the effects of other known risk factors for bleeding. Men were more likely to be hospitalized for a bleeding episode than women (OR, 1.30; 95% CI, 1.19 to 1.41). Persons aged 75 to 84 years and participants aged Ͼ85 years were both more likely to have a bleed than were younger study participants. Residents developing a bleed were 1.38 times more likely to be dependent in their ADL (95% CI, 1.16 to 1.65) than were controls. Finally, use of NSAIDS, GI protective agents, and corticosteroids were predictive of hospitalizations for bleeding events. Persons taking NSAIDS had a nearly 2-fold increased likelihood of developing an adverse bleeding event (OR, 1.93; 95% CI, 1.68 to 2.23), while persons taking GI protectants were 1.70 times as likely to be hospitalized for a bleed than were persons not taking these agents (95% CI, 1.55 to 1.86). Finally, persons hospitalized for a bleed were 1.23 times more likely to be taking corticosteroids (95% CI, 0.99 to 1.52) than were controls.
Findings from crude and multivariable analyses of the main effects are also presented in Table 3 . Overall, the use of aspirin and dipyridamole in combination, dipyridamole alone, and ticlopidine alone were relatively rare, with comparable use by both cases and controls. The prevalence of warfarin use was higher among all study participants, with higher percentages of use among cases (12.0%) versus controls (10.2%). Nineteen percent of all study participants had aspirin use recorded on their index MDS assessment (19.0% of cases versus 19.1% of controls). In crude analyses, warfarin and combination users of antiplatelet and anticoagulant agents were associated with a slightly increased likelihood of hospitalization for an adverse bleeding event. These effects persisted after controlling for potentially confounding covariates. The likelihood of hospitalization for a bleed was 1.26 times higher for warfarin users (95% CI, 1.11 to 1.43) and 1.34 times higher in combination users (95% CI, 0.99 to 1.82) compared with nonusers. After controlling for confounders, cases were 1.07 times more likely to have taken aspirin than controls (95% CI, 0.96 to 1.18). Number needed to treat for harm calculations estimate that 467 (95% CI, 182 to ϱ), 126 (95% CI, 76 to 297), and 96 (95% CI, 40 to ϱ) persons need to be treated with aspirin, warfarin, and combination therapy, respectively, to seriously harm (hospitalization for a bleed) 1 resident. Of those with a known daily aspirin dose, 84% took at least 325 mg/d of aspirin, with similar daily dosages used by both cases and controls. Multivariable effects examining the effect of dose were similar among persons taking at least 325 mg/d (OR, 1.07; 95% CI, 0.95 to 1.20) and among those taking Ͻ325 mg/d (OR, 1.15; 95% CI, 0.90 to 1.48) compared with non-users.
Our analyses of specific bleed etiologies are presented in Table 4 and indicate that the likelihood of having taken antiplatelet or anticoagulant agents was increased for cases with central nervous system bleeds relative to matched controls. The odds of aspirin use was 1.36 (95% CI, 1.05 to 1.78) and 1.64 (95% CI, 1.19 to 2.26) for warfarin use in cases compared with controls. The number needed to treat for harm values for central nervous system bleeds were 534 (95% CI, 214 to 3846) for aspirin and 301 (95% CI, 153 to 1012) for warfarin. Findings for GI bleeds alone were less clear, despite the larger sample size (nϭ2937 cases and nϭ11 579 matched controls). Cases with GI bleeds were more likely to have taken warfarin (OR, 1.18; 95% CI, 1.03 to 1.36; number needed to treat for harm, 228; 95% CI, 114 to 1366), but our sample did not demonstrate an increased odds of aspirin use among cases hospitalized for GI bleeds relative to matched controls (OR, 1.01; 95% CI, 0.91 to 1.14).
Discussion
To our knowledge, this is the first study to comprehensively investigate the risk of hospitalization for bleeding associated with secondary stroke prevention agents in an elderly nursing home population. We found that there is an increased likelihood of being hospitalized for a bleed among older stroke survivors in the nursing home taking aspirin, warfarin, or combination therapy. This effect persisted despite high background rates of GI bleeding events 26 and, presumably, central nervous system bleeds in nursing home residents.
There was a slightly elevated occurrence of bleeding events associated with aspirin use, which remained after adjustment. Although not directly comparable, our data are concordant with findings by Petty et al 32 demonstrating that bleeding complication rates for aspirin were 3.5 per 100 person-years of observation in a community-dwelling population. In the Swedish Aspirin Low-Dose Trial (SALT), persons taking 75 mg/d of aspirin after an ischemic stroke or transient ischemic attack experienced higher rates of any bleeding event than those on placebo (7.2% versus 3.2%). 8 Similarly, in the European Stroke Prevention Study (ESPS), 8.2% of persons taking 50 mg/d of aspirin as secondary prevention had a bleeding event (at any site) compared with only 4.5% in the placebo group. 7 A meta-analysis of aspirin randomized controlled trials for both ischemic stroke and myocardial infarction shows an absolute risk of hemorrhagic stroke of 12 events for every 10 000 persons treated. 33 Yet, persons included in these trials are by design those least likely to experience adverse events, 32 making their generalizability to the clinically complex elderly nursing home population questionable. Considering the effect of daily aspirin dose is of interest since we could not confirm the commonly held belief that aspirin is safer in lower doses. Use of high-dose aspirin (Ն325 mg/d) was more common in our sample than use of lower daily doses, with comparable distribution of use across cases and controls. The risk of experiencing an adverse bleed was elevated in both high-(Ͼ325 mg/d) and low-dose (Յ325 mg/d) groups in our sample. Data from the Physicians Health Study showed that male physicians taking 325 mg of aspirin every other day were at a 2-fold increased risk of having a hemorrhagic stroke compared with nonusers. 34 As previously discussed, persons randomized to receive lower doses of aspirin in both the SALT 8 and ESPS 7 randomized controlled trials were at increased risk of adverse bleeding events. Our study comprehensively evaluated the effect of aspirin dose on risk of any adverse bleeding event, although selection bias may exist in these analyses because we were unable to ascertain dose for 16% of aspirin users.
We found there to be an excess of hospitalization for bleeding among persons taking warfarin compared with nonusers. The European Atrial Fibrillation Study (EAFT) assessed the effect of both aspirin and warfarin compared with placebo among persons with nonrheumatic atrial fibrillation and a prior ischemic event on rates of ischemic stroke. During this trial, 8% of participants taking warfarin experienced a major adverse bleeding event compared with 1.4% of those taking placebo. 6 By virtue of study design, however, persons with contraindication to warfarin, including concomitant use of NSAIDs or other medications affecting coagulation, were not eligible for randomization to warfarin. 6 The international normalized ratio (INR) is a laboratory test used to assess both the efficacy and toxicity of a warfarin regimen. Dosing for warfarin is guided by the desired level of the INR, ultimately driven by the indication for use. Information was not available on either the target INR or the actual INR of persons taking warfarin within our study. Research shows an association between higher target INR and an increased risk of bleeding. 30 Samsa and colleagues 35 showed that INR values below the therapeutic level are common, possibly indicating a reluctance to aggressively treat with warfarin. The reluctance to adequately dose warfarin may be representative of issues challenging physicians when making the decision to treat. Because underdosing was probable in our sample, the risk of hospitalization for bleeding from warfarin may be higher with more aggressive treatment regimens. Our data suggest that use of Ն2 stroke prevention agents simultaneously may also confer an excess risk of bleeding outcomes. The majority of the combination therapy group took aspirin and warfarin (37.6%) or aspirin and ticlopidine (54.7%) in combination. The heterogeneity of this group may preclude the meaningful interpretation of any relative measure of effect. Furthermore, we do not dismiss the possibility that confounding by indication has inflated our estimates. It is probable that persons requiring more intensive therapeutic regimens are sicker and as such are at greater risk for bleeding events.
In addition to our main findings, we demonstrate a greater risk of requiring hospitalization for a bleeding episode among persons taking both NSAIDs and GI protectants. Lapane and colleagues 26 previously demonstrated a risk of hospitalization for bleeding among a similar population of elderly nursing home residents taking NSAIDs. It is unclear from our data whether persons taking GI protective agents are at higher risk of developing a bleed or if the prescription of one of these agents is an intermediary between use of antiplatelets or anticoagulants and hospitalization for a bleed.
Limitations
While the study design afforded a unique opportunity to look at the likelihood of hospitalization for a bleeding event in relation to antiplatelet and anticoagulant use, certain methodological concerns must be addressed. The data presented are from 5 states and might have limited generalizability to the institutionalized population of stroke survivors living in US nursing homes.
Since we used hospitalization claims for outcome identification, we may have missed less severe cases for inclusion into our study. Although hemorrhagic strokes are serious events, GI effects may range from minor to life threatening, and therefore the potential for misclassification may be more profound. Regardless, we attempted to create comparability for hospitalization and treatment practices between cases and controls by matching on facility, quarter, and year. Additionally, case status may be a marker for overall better quality of care, including better pharmacotherapy and increased recognition of bleeding events. Conversely, controls may be representative of older persons whose conditions are not closely monitored on an ongoing basis and therefore not recognized or treated.
We based our classification of stroke prevention therapy on one point in time and were unable to determine exposure history for persons before the index MDS assessment or initiation or discontinuation patterns. In addition, we did not have information on the actual indication for use of these agents and presume that they are being used for secondary stroke prevention. A review of the effects of aspirin published by the Fourth American College of Chest Physicians Consensus Conference on Antithrombotic Therapy suggests that the effect of aspirin on bleeding can be both acute and chronic. 36 Here we presumably measure an acute effect, since we collected exposure history a maximum of 6 months before index date for cases and controls. We have no information on whether the resident was actually taking the exposure of interest at the time of hospitalization. Exposure misclassification is likely to be similar among the cases and controls, thereby resulting in an attenuation of our measures of effect.
By virtue of study design, we excluded residents with a known hospitalization for bleeding from the sample of potential controls. Furthermore, among the cases we used the first recorded hospitalization for a bleeding event within the study period as the event of interest. Despite this attempt to minimize confounding by prior history of bleeding, it is possible that persons were either hospitalized or treated for a bleed before the time for which claims data were available, potentially diluting our measures of effect.
Conclusions
We previously demonstrated that underuse of secondary stroke prevention agents is common within the elderly nursing home population. 11 The risk of recurrent stroke and death within this population is high, thereby making studies that quantify the risk and benefit of treatment vital. Given the present study, the number needed to treat for harm is 467 for aspirin and 126 for warfarin for 6 months, making the absolute risk of bleeding associated with treatment low.
